Aim: To quantify the extent to which alcohol contributes to the global burden of tuberculosis (TB) and lower respiratory infections (LRI).
Alcohol has a substantial impact on the burden of disease, with infectious diseases suspected to be a major contributor to this burden (Rehm, Anderson et al., 2009; Rehm, Baliunas et al., 2010; World Health Organization [WHO] 2009). However, the role of alcohol in the incidence of infection and its progression, in people's adherence to medication regimens, and in the resulting mortality and morbidity caused by infectious diseases is commonly overlooked (Parry, Rehm, Poznyak, & Room, 2009) , because recent burden of disease and injury estimates provided in the 2004 Comparative Risk Assessment (CRA) study exclude the disability and morbidity caused by infectious disease (WHO, 2009) . Inclusion of the burden caused by these diseases that is attributable to alcohol consumption may markedly change the current estimates for this burden, since in 2004 two major infections alone, tuberculosis (TB) and lower respiratory infections (LRI), accounted globally for 5.6 million deaths (9.4% of all deaths) and 126.4 million disability-adjusted life years (DALYs) lost (8.3% of all DALYs lost) (WHO, 2008) .
Though the burden of alcohol-attributable infectious diseases was not included in the most recent CRA study, the impact of alcohol consumption on the incidence of TB and LRI has long been acknowledged (Capps & Coleman, 1923; MacGregor & Louria, 1997; Rush, 1943) . Research has led to the hypotheses that alcohol consumption and heavy alcohol consumption in particular, contributes to the incidence of infectious diseases and the worsening of the course of the diseases in two major ways: (1) weakening of the immune system (Cook, 1998; MacGregor & Louria, 1997; Szabo & Mandrekar, 2009 ) (for example, in the case of LRI the sedative properties of alcohol lead to a decrease in oropharyngeal tone, increased risk of aspiration, decreased cough reflex, and decreased mucociliary clearance (Nelson & Kolls, 2002) ) and (2) decreasing adherence to medication regimens (Jakubowiak et al., 2008; Nyamathi et al., 2008) . In addition, the social drift hypothesis predicts that excessive consumption and/or alcohol use disorders increase the risk of social downstream migration, thereby increasing the likelihood of contagion . Not only have the biological pathways been clarified, but also the usual epidemiological criteria for causality (Rothman, Greenland, & Lash, 2008) of the effect of alcohol consumption on TB ) and LRI (Samokhvalov, Irving, & Rehm, 2010) have been fulfilled.
Although there is a clear understanding of the biological mechanisms of how alcohol influences the probability of infection and disease course for TB and LRI (U.S. Department of Health and Human Services, 2000) , research quantifying the alcohol-attributable burden for these two infectious diseases is scarce. Thus, the number of studies needed to obtain stable risk estimates from meta-analyses has not been met until recently (Lönnroth, Williams, Stadlin, Jaramillo, & Dye, 2008; Samokhvalov et al., 2010) .
Given the lack of information on the alcohol-attributable TB and LRI burden and the recent WHO global strategy to reduce the harmful effects of alcohol (which called for the strengthening of information about alcohol-related harms) (WHO, 2010a) , it is the aim of this paper to calculate the alcohol-attributable burden of TB and LRI in terms of deaths and disability-adjusted life years (DALYs) lost, and then to calculate the extent to which this estimated burden would change current estimates of the global burden of disease attributable to alcohol consumption.
Method
Calculation of alcohol-attributable fractions (AAFs) (defined as the proportion of disease that would not be present if the exposure was eliminated, in this case if every person was a lifetime abstainer from alcohol) involves two steps: (1) calculation of the cause-, sex-, and regionspecific AAFs, and (2) application of these AAFs to mortality and DALYs lost data.
Data for regions
Global regions were defined according to the 2005 GBD study (Institute for Health Metrics and Evaluation, 2010) . Global Burden of Disease (GBD) regions are defined according to geography and are based on child and adult mortality profiles of each country. Population data for regions were obtained from the latest population revisions of the United Nations Population Division (United Nations Population Division, 2010).
Step 1: Calculation of the AAF by sex and age This step involves the calculation of the alcoholattributable fractions from data on drinking status, amount of alcohol consumed among current drinkers, and relative risks (RRs), and then the calculation of 95% CIs for each of the AAFs.
Alcohol consumption measures
Data on alcohol consumption variables for 2005 were obtained from the 2005 CRA study. For our analysis we used the alcohol consumption indicators of the prevalence of each of current drinkers (defined as those who have had at least one drink in the previous year), former drinkers (defined as those who have not had a drink in the previous year, but who have consumed alcohol within their lifetime), and lifetime abstainers.
Adult per capita consumption estimates (defined as grams of pure alcohol consumed per adult per year) were calculated from recorded consumption, unrecorded consumption and tourist consumption.
Estimates of recorded adult per capita alcohol consumption were obtained from the Global Information System on Alcohol and Health database (WHO, 2010b). These estimates were based on government records (taxation), industry publications for the production and sale of alcohol, and data from the U.N. Food and Agriculture Organization (Rehm, Klotsche, & Patra, 2007) . Estimates of unrecorded and tourist adult per capita consumption were taken from the ongoing CRA study within the 2005 GBD study. The main sources for unrecorded consumption were home production, alcohol intended for industrial, technical and medical uses, and illegal production or importation of alcohol (Rehm et al., 2007) . As no variance estimates for unrecorded and tourist alcohol consumption existed, we estimated the variance to be five times that of the variance of recorded alcohol consumption proportionate to the mean .
Average daily alcohol consumption was calculated based on 80% of adult per capita consumption, to adjust for the under-coverage that is likely present in the observational studies that were used to calculate pooled relative risks (RRs) in the meta-analyses, and also to account for alcohol that was not consumed.
To describe the distribution of alcohol consumption for the GBD regions, we used a modeling approach suggested by Rehm, Kehoe and colleagues (2010) . By using data on average daily alcohol consumption for over 66 countries ------IJADR 2(1) ------representing 851 distributions, Rehm and colleagues found that alcohol is best modeled in most instances through a gamma distribution. They also found that the mean (μ) could be used to predict the standard deviation (σ) by regressing the means of over 500 average daily alcohol consumption distributions with the standard deviation of the mean. These relationships can be stated as follows:
Formula 2:
The standard deviation and mean were then used to calculate the shape (κ) and scale (θ) parameters of the gamma distributions and to characterize the alcohol consumption distribution.
Risk relations
Risk relations for TB were obtained from Lönnroth and colleagues' meta-analysis (Lönnroth, Williams, Stadlin, Jaramillo, & Dye, 2008) and risk relations for LRI were obtained from Samokhvalov and colleagues' (2010) metaanalysis.
AAF calculations
AAF calculations were based on the distribution of alcohol consumption, the prevalence of current drinkers, former drinkers, and abstainers, and the risk relations as follows:
∫ where P abs is the prevalence of lifetime abstainers, P former is the prevalence of former drinkers, P current is the prevalence of current drinkers who consume a given average daily alcohol consumption of x, RR former is the relative risk for former drinkers, and RR current is the relative risk for current drinkers given an alcohol consumption of x. In calculating the relative risk of current drinkers we used a cap of 150 grams of alcohol per day and normalized the distribution accordingly, as consumption over this amount is likely to be unsustainable for long periods of time.
95% confidence intervals for the AAFs
To calculate the 95% CIs of the AAFs we used a Monte Carlo-like approach outlined by Gmel and colleagues (2011) . To estimate the variance of the AAFs we used 40,000 simulations that estimated the lowest level parameters used in the AAF formulas. For each simulation we generated estimates for the prevalence of "former drinkers" and "lifetime abstainers," from which a prevalence of "current drinkers" was then estimated. Additionally, we generated estimates of the RR function betas. For the 95% CIs of the average alcohol consumption AAFs, we generated the per capita alcohol consumption and multiplied this by 0.8. The kappa parameter of the gamma distribution was computed by taking into account the variance between the standard deviation and the mean . The gamma parameter was calculated based on the adjusted mean and the kappa parameter. The resulting lowest level parameters were then used to calculate 40,000 AAF estimates, which were then used to calculate the variance of the AAFs and the 95% CIs for each disease category.
Step 2: Application of the AAFs to region-specific mortality and DALYs lost data
This step requires multiplying the sex-, region-, and causespecific AAFs by mortality and DALYs lost data respectively.
Outcome data
To quantify the burden of TB and LRI attributable to alcohol consumption in 2004, we used an event-based measure (mortality) and time-based measures (DALYs lost). Data from 2004 on mortality and DALYs lost for people aged 15 years and older were obtained by country from WHO. The methods used to estimate the mortality and DALYs lost in the GBD project are described elsewhere (Lopez et al., 2006a (Lopez et al., , 2006b ). Estimates of mortality and DALYs lost were available for each country, and were used to calculate regional estimates. This meant that for each region, sex-and cause-specific AAFs were applied to sex-and cause-specific outcome data. Estimates for deaths and DALYs lost for 2004 were standardized per 100,000 people using the world population as the standard population.
All statistics and analyses were performed using R version 2.11.1.
Results
Alcohol consumption by GBD region is outlined in Table  1 . The regions of North Africa/Middle East, Southeast Asia, and South Asia had the lowest per capita consumption, lowest average daily consumption among drinkers, and lowest prevalence of people who consumed on average more than 40 grams of alcohol per day, while the Eastern European region had the highest values in these categories. In every region, men were more likely to be current drinkers than were women; of those current drinkers men consumed more alcohol daily than did women, and men were more likely than women to be heavy consumers of alcohol (i.e., drinking more than 40 grams of alcohol per day).
Overall, 381,000 TB-and LRI-related deaths (95% CI: 209,000-560,000) were attributable to alcohol consumption. This number can be broken down into 215,000 deaths (95% CI: 135,000-295,000) from TB (180,000 for men, 35,000 for women), and 167,000 deaths (95% CI: 74,000-264,000) from LRI (95,000 for men, 72,000 for women).
Deaths from TB and LRI attributable to alcohol were responsible for 0.65% (95% CI: 0.36%-0.95%) of all deaths (0.88% for men, 0.39% for women). Figures 1 and 2 outline the number of alcohol-attributable deaths per 100,000 people (standardized based on the age and sex population distribution of the world) for TB and LRI. Overall, the Sub-Saharan Africa regions had the highest standardized rate of alcohol-attributable deaths from TB, while the Sub-Saharan Africa regions (except the southern Sub-Saharan Africa region) and the Latin American regions had the highest rates of alcoholattributable deaths from LRI.
In 2004, 6,101,000 (95% CI: 3,463,000-8,777,000) DALYs lost (4,737,000 for men, 1,363,000 for women) due to TB and LRI were attributable to alcohol. This represents 0.40% of all DALYs lost (95% CI: 0.23%-0.23%) for 2004 for people 15 years of age and older (0.59% for men, 0.19% for women). This number can be broken down into 4,581,000 DALYs lost (95% CI: 2,835,000-6,326,000) due to TB (2,522,000 for men, 313,000 for women) and 1,152,000 DALYs lost (95% CI: 954,000-566,000) due to LRI (954,000 for men, 566,000 for women) attributable to alcohol consumption. Figures 3 and 4 outline the number of alcohol-attributable DALYs lost per 100,000 people (standardized based on the age and sex population distribution of the world) due to TB and LRI. As with overall deaths, the Sub-Saharan Africa regions had the highest standardized rate of DALYs lost due to alcoholattributable TB, while the Sub-Saharan Africa regions (except the southern Sub-Saharan Africa region) and the Latin American regions had the highest rates of DALYs lost due to alcohol-attributable LRI.
Discussion
In this paper we present the estimated global burden of TB and LRI attributable to alcohol consumption. From our analysis we estimated that the number of deaths attributable to alcohol in 2004 would increase by 14.2% from 2.26 million to 2.58 million, and the number of DALYs lost Lopez et al., 2006b ) which, although not incorporated into our analysis, increase the uncertainty of the number of deaths and DALYs lost. Second, there are weaknesses associated with the assumptions made in the calculation of the DALYs lost (see , particularly with respect to the calculation of weights for DALYs lost.
Third, the risk relations for community-acquired pneumonia are established, whereas risk relations for the aggregate category of LRI are not (Lönnroth et al., 2008) . Since incidence, prevalence, and mortality caused by community-acquired pneumonia are not coded for many regions of the world (WHO, 2008) , a global estimate of community-acquired pneumonia does not appear to be obtainable. At the same time, it must be noted that pneumonia and other LRIs, such as bronchitis and lung abscess, share multiple clinical features and many cases coincide or transform into each other, i.e., pneumonia may start as bronchitis. Additionally, pneumonia may transform into abscess where, if the immune system is not able to localize the inflammation and limit the spread of infection, the abscess can spread beyond its clearly demarcated borders and transform into full blown pneumonia. From a pathobiological point of view the biological mechanisms of increased susceptibility to pneumonia and other LRIs are generally the same, and include diminished capacity to eliminate the pathogens (decreased oropharyngeal tone and motility of the cilia of ciliary epithelium) and immunosuppression (Alcón, Fabregas, & Torres, 2005) . Thus, in our analysis, we assumed a homogenous effect of alcohol on all LRI (U.S. Department of Health and Human Services, 2000) . Accordingly, we used the risk relationship between alcohol and community-acquired pneumonia as a proxy measurement for all LRIs.
Fourth, alcohol consumption variables used in our analysis came from population surveys that have limitations with respect to coverage. In addition, survey instruments commonly have inherent biases due to self-reporting of data, leading to an underestimation of current drinkers and binge drinkers, and causing an underestimation of the global burden of TB and LRI attributable to alcohol consumption (Shield & Rehm, 2012) .
The recognition, quantification and monitoring of the impact of alcohol consumption on the incidence and progression of infectious diseases is vital, especially in developing countries, where alcohol consumption is increasing and the burden of infectious diseases is greater than in developed countries (WHO, 2008) . Given the recent rise of drug-resistant bacteria, the high incidence of LRI and the large global burden of TB and LRI (Centers for Disease Control and Prevention, 1996; WHO, 2008) , strategies aimed at reducing alcohol consumption in conjunction with implementing treatment programs for infectious diseases are required in order to reduce the growing global burden of infectious diseases.
